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$EVWUDFW²4XFVDQG4XFV6WXGLRRSHQVRXUFHFLUFXLWVLPXODWRUV
KDYHDZHDOWKRIEXLOW LQVZHSWGDWDIHDWXUHV LQFOXGLQJIDFLOLWLHV
IRU OLQHDUDQG ORJDULWKPLFVFDQVRI VLPXODWLRQYDULDEOHVDQG IRU
VHWWLQJ FRPSRQHQW YDOXHV DQG GHYLFH SDUDPHWHUV 7KHVH
VLPXODWRUV DOVR DOORZ VHPLFRORQ VHSDUDWHG OLVWV RI QXPHULFDO
YDOXHV WR EH XVHG DV VZHSW GDWD 7KLV OLWWOH NQRZQ IHDWXUH
SURYLGHV D YHU\ IOH[LEOH PHFKDQLVP IRU JHQHUDWLQJ FRPSRQHQW
DQGGHYLFH SDUDPHWHU VWDWLVWLFDO GDWD$Q RXWOLQH RI D VWDWLVWLFDO
FLUFXLW VLPXODWLRQ WHFKQLTXH LV SUHVHQWHG LQ WKLV SDSHU 7KH
SURSRVHGWHFKQLTXHFDQEHXVHGZLWKDQ\JHQHUDOSXUSRVHFLUFXLW
VLPXODWRU HTXLSSHGZLWK VZHSW GDWD FDSDELOLWLHV DQG DV VXFK LV
VXLWDEOHIRUWKHVWXG\RIGHYLFHDQGFLUFXLWSHUIRUPDQFHUHVXOWLQJ
IURPYDULDWLRQVLQGHYLFHSDUDPHWHUVDQGFRPSRQHQWYDOXHV7KH
RSHUDWLRQRIWKHSURSRVHGVLPXODWLRQWHFKQLTXHLVLOOXVWUDWHGZLWK
WKHUHVXOWVIURPDQLQYHVWLJDWLRQRIWKHVWDWLVWLFDOSHUIRUPDQFHRI
D VLPSOH 026 FXUUHQW PLUURU LQWHJUDWHG FLUFXLW FHOO PRGHOHG
ZLWK D VSHHG RSWLPL]HG 9HULORJ$ YHUVLRQ RI D ORQJ FKDQQHO
(3)/B(.9Y026WUDQVLVWRUPRGHO

,QGH[7HUPV²4XFV6WXGLR4XFVVWDWLVWLFDOFLUFXLWVLPXODWLRQ
VZHSW SDUDPHWHU OLVWV9HULORJ$ FRPSDFW VHPLFRQGXFWRU GHYLFH
PRGHOV
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855(17 WUHQGV LQ VHPLFRQGXFWRU GHYLFH PRGHOLQJ DQG
FLUFXLW VLPXODWLRQ UHVHDUFK LQGLFDWH WKDW WKHUH LV VWURQJ
LQWHUHVW LQWKHGHYHORSPHQWRIERWKFRPSDFWGHYLFHPRGHOLQJ
WHFKQLTXHV >@ DQG LPSURYHG FLUFXLW VLPXODWLRQ SHUIRUPDQFH
SDUWLFXODUO\DVSDUWRIWKHFRUHIHDWXUHVRIIHUHGE\RSHQVRXUFH
*HQHUDO 3XEOLF OLFHQVH *3/ FLUFXLW VLPXODWLRQ VRIWZDUH
SDFNDJHV >@ >@ >@ >@ ,Q WKH SDVW WKH GHYLFH PRGHOLQJ
IHDWXUHVSURYLGHGE\ WKHZLGHO\DYDLODEOH63,&(J>@DQG
I>@FLUFXLWVLPXODWRUVZHUHRIWHQOLPLWHGWRVXEFLUFXLWDQG
PDFURPRGHO PRGHO EXLOGLQJ WHFKQLTXHV /DWHU FRPPHUFLDO
FLUFXLWVLPXODWRUVRIWHQH[WHQGHGWKHVHEDVLFWRROVE\DGGLQJ
IRUH[DPSOHWKHFRQVWUXFWLRQRIVHPLFRQGXFWRUGHYLFHPRGHOV
DW&FRGHOHYHO+RZHYHUVXFKDQDSSURDFKLVLQSUDFWLFHRQO\
VXLWDEOHIRUPRGHOGHYHORSHUVZKRKDYHDJRRGXQGHUVWDQGLQJ
RI WKH 63,&( & FRGH SDUWLFXODUO\ WKH 63,&( GHYLFH PRGHO
DSSOLFDWLRQ SURJUDPPLQJ LQWHUIDFH 7RGD\ WKH 9HULORJ$
KDUGZDUH GHVFULSWLRQ ODQJXDJH >@ KDV HYROYHG WR EHFRPH D
OHDGLQJ FRQWHQGHU IRU FRPSDFW PRGHOLQJ RI VHPLFRQGXFWRU
GHYLFHV 0XFK RI WKH FXUUHQW SXEOLVKHG PRGHOLQJ OLWHUDWXUH
FRQFHQWUDWHV RQ LPSURYHPHQWV WR H[LVWLQJ GHYLFH PRGHOV >@
>@ RU RQ WKH DGGLWLRQ RI QHZ FRPSDFW GHYLFH PRGHOV
FRQVWUXFWHG XVLQJ 9HULORJ$ >@ ,Q SDUDOOHO WR PRGHO

0( %ULQVRQ HPDLO PEULQ#\DKRRFRXN LV ZLWK WKH &HQWUH IRU
&RPPXQLFDWLRQV 7HFKQRORJ\ 5HVHDUFK /RQGRQ 0HWURSROLWDQ 8QLYHUVLW\
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GHYHORSPHQWLPSRUWDQWLPSURYHPHQWVLQFLUFXLWDQDO\VLVDQG
VLPXODWLRQ KDYH RIWHQ HPHUJHG IURP EDVLF FLUFXLW DQDO\VLV
UHVHDUFKSDUWLFXODUO\ZKHQ WKHUHVHDUFK LVDSSOLHG WRSRSXODU
VRIWZDUH SDFNDJHV OLNH IRU H[DPSOH WKH 36SLFH >@ FLUFXLW
VLPXODWRU 36SLFH ZDV DPRQJ WKH ILUVW FRPPHUFLDO SHUVRQDO
FRPSXWHU FLUFXLW VLPXODWRUV WR RIIHU H[WHQVLRQV IRU WKH
VWDWLVWLFDO DQDO\VLV RI FLUFXLWV LQFOXGLQJ FLUFXLW VHQVLWLYLW\
DQDO\VLVZRUVW FDVH DQDO\VLV DQG0RQWH&DUOR DQDO\VLV 7KLV
SDSHULQWURGXFHVDIOH[LEOHVZHSWGDWDWHFKQLTXHWKDWVXSSRUWV
LQYHVWLJDWLRQ RI WKH VWDWLVWLFDO SURSHUWLHV RI GHYLFH PRGHOV
FLUFXLW PDFURPRGHOV DQG LQWHJUDWHG FLUFXLW GHVLJQV 7KH
SURSRVHGDSSURDFK LV HQWLUHO\XQGHUXVHUFRQWURO DQGDV VXFK
GRHVQRW UHTXLUH VLPXODWRU& RU&FRGH WREHPRGLILHG RU
LQGHHG  WKDW XVHUV KDYH DQ XQGHUVWDQGLQJ RI DGYDQFHG &
SURJUDPPLQJRUDGHWDLOHGNQRZOHGJHRI ORZ OHYHO VLPXODWRU
PRGHO DSSOLFDWLRQ SURJUDPPLQJ LQWHUIDFHV 7KH UHSRUWHG
WHFKQLTXH KDV EHHQ LPSOHPHQWHG ZLWK WKH 4XFV DQG
4XFV6WXGLR VLPXODWRUV0RUHRYHU LW LV VXLWDEOH IRU XVH ZLWK
DQ\FLUFXLWVLPXODWRUZKLFKLPSOHPHQWVVZHSWGDWDSURFHVVHV
,Q WKLV SDSHU WKH IXQGDPHQWDOV DQG DSSOLFDWLRQ RI WKH QHZ
VWDWLVWLFDO VLPXODWLRQ WHFKQLTXH DUH LQWURGXFHG WKURXJK WKH
LQYHVWLJDWLRQ RI WKH VWDWLVWLFDO SHUIRUPDQFH RI D EDVLF WZR
WUDQVLVWRU026FXUUHQWPLUURULQWHJUDWHGFLUFXLWFHOOEDVHGRQ
DVSHHGRSWLPL]HGYHUVLRQRIDORQJFKDQQHO(3)/(.9Y
026PRGHO>@
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3UHYLRXV JHQHUDWLRQVRI*3/FLUFXLW VLPXODWRUVZHUHRIWHQ
UHOHDVHG IRU JHQHUDO XVHZLWKGDWD HQWU\SURFHGXUHV WKDW RQO\
DOORZHG NH\ERDUG HQWU\ RI FRPSRQHQW RU GHYLFH SDUDPHWHU
QXPHULFDOYDOXHVSULRUWRWKHVWDUWRIDFLUFXLWVLPXODWLRQ7KH
HIIHFWV DQG DGYDQWDJHV RI FKDQJLQJ FRPSRQHQW YDOXHV RU
GHYLFH SDUDPHWHUV XVLQJ VZHSW GDWD WHFKQLTXHV KDYH RQO\
EHFDPH IXOO\ DSSUHFLDWHGZLWK WKH GHYHORSPHQW RI VHFRQG RU
ODWHUJHQHUDWLRQVRIFLUFXLWVLPXODWRURQHH[FHSWLRQEHLQJWKH
63,&( '& VLPXODWLRQ FRPPDQG ZKHUH WKH LPSRUWDQFH RI
QHVWHG'&VZHHSVZDVUHDOL]HGHDUO\DVWKLVWHFKQLTXHDOORZV
D VLPSOH GLUHFW ZD\ WR JHQHUDWH GDWD IRU SORWWLQJ
VHPLFRQGXFWRU GHYLFH ,9 FXUYHV 7KH FXUUHQW *3/ FLUFXLW
VLPXODWRUVKDYHLQPDQ\LQVWDQFHVEHHQH[WHQGHGWRRYHUFRPH
WKHSHUIRUPDQFHOLPLWDWLRQVLPSRVHGE\UHVWULFWLQJFRPSRQHQW
YDOXHV DQG GHYLFH SDUDPHWHUV WR SXUHO\ QXPHULFDO TXDQWLWLHV
0RGHUQ *3/ FLUFXLW VLPXODWRUV OLNH IRU H[DPSOH 4XFV DQG
4XFV6WXGLRDOORZFRPSRQHQWDQGGHYLFHSDUDPHWHUYDOXHVWR
EH VSHFLILHGDVDOJHEUDLF QDPHGYDULDEOHV UDWKHU WKDQ VLPSOH
QXPHULFDO TXDQWLWLHV 7KLV EDVLF FKDQJH KDV KDG D SURIRXQG
0LNH(%ULQVRQ)HOORZ,(7
$4XFV4XFV6WXGLR6ZHSW3DUDPHWHU7HFKQLTXH
IRU6WDWLVWLFDO&LUFXLW6LPXODWLRQ
&
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HIIHFW RQ WKH ZD\ FRPSRQHQW YDOXHV DQG GHYLFH SDUDPHWHU
YDOXHV FDQ EH VHW SULRU WR VLPXODWLRQ  6KRZQ LQ )LJ  LV D
4XFV6WXGLR VFKHPDWLF V\PERO IRU D ³3DUDPHWHU VZHHS´
VLPXODWLRQ LFRQ ,W DFWV DV D SODWIRUP IRU GHILQLQJ D QDPHG
³3DUDPHWHU VZHHS´ SURFHVV VWDUWLQJ DW YDOXH 6WDUW DQG
ILQLVKLQJDW YDOXH6WRSZKHUH WKH LQWHUYDOEHWZHHQ6WDUW DQG
6WRS LV GLYLGHG LQWR D QXPEHU RI YDOXHV JLYHQ E\ SDUDPHWHU
3RLQWV7KHOLVWRI³3DUDPHWHUVZHHS´3RLQWVPD\EHJHQHUDWHG
DV D OLQHDU VHTXHQFH D ORJDULWKPLF VHTXHQFH RU LW PD\ EH
FRQVWUXFWHG IURPDJURXSRIQXPHULFDOHQWULHVHDFKVHSDUDWHG
E\DVHPLFRORQ


)LJ4XFV6WXGLR³3DUDPHWHUVZHHS´LFRQZLWKLGHQWLI\LQJQDPH6:DQG
LQLWLDOSDUDPHWHUOLVWLQFOXGLQJSDUDPHWHU6LPZKLFKLGHQWLILHVWKHQH[WOLQNHG
³3DUDPHWHU6ZHHS´LFRQRUVLPXODWLRQLFRQ'&$&75$163DUDPHWHURU
+DUPRQLF%DODQFH

%RWK4XFV6WXGLRDQG4XFVDOORZXVHUV WRHQWHUE\KDQGD
OLVWRIVHPLFRORQVHSDUDWHGQXPHULFDOYDOXHVIURPDNH\ERDUG
RU WRDXWRPDWLFDOO\JHQHUDWHD OLVWRIYDOXHVXVLQJ WKH2FWDYH
QXPHULFDO DQDO\VLV SURJUDP 6LPLODUO\ WKH FXUUHQW
LPSOHPHQWDWLRQRIWKH³3DUDPHWHUVZHHS´VLPXODWLRQVHTXHQFH
DOORZV ³3DUDPHWHU VZHHS´ LFRQV WR HLWKHU FDOO RWKHU VZHHS
LFRQV RU DQ\ RQH RI WKH FLUFXLW VLPXODWLRQ LFRQV LQ D FKDLQ
VHTXHQFHSURYLGHGDQHVWHG ORRSGRHVQRWRFFXU LQ WKHFKDLQ
VHTXHQFH +HQFH DV SDUW RI D ³3DUDPHWHU VZHHS´ FRQWUROOHG
VLPXODWLRQ FRPSRQHQW DQG GHYLFH SDUDPHWHUV DUH DVVLJQHG
QXPHULFDO YDOXHV DV D SUHFXUVRU WR '& $& 7UDQVLHQW 6
SDUDPHWHU RU +DUPRQLF %DODQFH FLUFXLW VLPXODWLRQ 7KH
³3DUDPHWHUVZHHS´OLVW IHDWXUHLVDQRYHODGGLWLRQ WRERWKWKH
4XFV6WXGLR DQG 4XFV VLPXODWLRQ VRIWZDUH  ,QGHHG LW LV LQ
PDQ\ LQVWDQFHV QRW LPPHGLDWHO\ REYLRXV WR PRVW XVHUV RI
HLWKHUFLUFXLW VLPXODWRUZK\ WKLV IHDWXUHKDVEHHQ LQFOXGHG LQ
WKHVHSDFNDJHV
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7KH FRPELQDWLRQ RI QHVWHG ³3DUDPHWHU VZHHS´ FLUFXLW
VLPXODWLRQZLWK XVHU VXSSOLHG OLVWV RI FRPSRQHQW DQG GHYLFH
SDUDPHWHUYDOXHVSURYLGHVDJHQHUDOSXUSRVHFLUFXLWVLPXODWRU
ZLWKDSRZHUIXOEDVLFWRROVHW IRUVWDWLVWLFDOFLUFXLWVLPXODWLRQ
&RQVLGHUWKHVLPSOHUHVLVWLYHYROWDJHGLYLGHUFLUFXLWVKRZQLQ
)LJ D &RQYHQWLRQDO QRQVWDWLVWLFDO '& FLUFXLW VLPXODWLRQ
SURYLGHV LQIRUPDWLRQ RQ WKH WUDQVIHU FKDUDFWHULVWLFV RI WKH
FLUFXLW FKDUDFWHUL]HG E\ QRPLQDO YDOXHV IRU UHVLVWRUV 5 DQG
5 ,Q FRQWUDVW E\ PDNLQJ 5 DQG 5 OLVWV RI FRPSRQHQW
YDOXHV UDWKHU WKDQ VLQJOH QXPHULFDO YDOXHV WKH HIIHFW RI
FRPSRQHQW YDULDWLRQV ZLWKLQ D JLYHQ YDOXH UDQJH DQG
VWDWLVWLFDO GLVWULEXWLRQ FDQ EH VLPXODWHG DQG YLVXDOL]HG E\
SORWWLQJ WZR DQG WKUHH GLPHQVLRQDO WUDQVIHU FKDUDFWHULVWLF
FXUYHV VHH )LJ  E 7KLV DSSURDFK WR VHQVLWLYLW\ FLUFXLW
VLPXODWLRQ LV RQO\ SRVVLEOH LI D FLUFXLW VLPXODWRU DOORZV
FRPSRQHQW DQG SDUDPHWHU YDOXHV WR EH GHILQHG E\ YDULDEOH
QDPHV UDWKHU WKDQ QXPHULFDO YDOXHV )LJ  FOHDUO\ VKRZV WKH
HIIHFW RI QHVWLQJ ³3DUDPHWHU VZHHSV´ZKHUHERWK5DQG5
KDYH YDOXHV LQ WKH UDQJH5PLQ WR5PD[ \LHOGLQJ D ER[ OLNH
UHJLRQ ZLWK FRUQHUV GHILQHG E\ 5PLQ5PLQ
5PLQ5PD[ 5PD[5PLQ DQG 5PD[5PD[
H[WUHPHVRIFRPSRQHQWV5DQG5


)LJ  6HQVLWLYLW\ DQDO\VLV RI D WZR UHVLVWRU YROWDJH GLYLGHU FLUFXLW
D VLPXODWLRQ WHVW FLUFXLW DQGQRPLQDO UHVLVWRU YDOXHV E H[DPSOH WZR DQG
WKUHHGLPHQVLRQDOSORWVRIVLPXODWLRQRXWSXWGDWD

,9 *(1(5$7,1*67$7,67,&$/&,5&8,76,08/$7,21'$7$
:,7+2&7$9(
(QWHULQJ ORQJ WDEOHV RI FRPSRQHQW GDWD IURP D NH\ERDUG
LQWR WKH3RLQWV OLVW DWWDFKHG WRD³3DUDPHWHU VZHHS´ LFRQ FDQ
EHERWKWHGLRXVDQGHUURUSURQH,QSUDFWLFHLWLVEHWWHUWRXVHD
FRPSXWHU SURJUDP WR JHQHUDWH WKH ³3DUDPHWHU VZHHS´ LFRQV
DQG DWWDFKHG GDWD 6KRZQ LQ )LJ LV DQ 2FWDYH >@ VFULSW
GHVLJQHG WR JHQHUDWH D OLVW RI QRUPDOO\ GLVWULEXWHG UHDO
QXPEHUV OLQNHG WR D ³3DUDPHWHU VZHHS´ LFRQ 7KLV VFULSW
UHTXHVWV DV LQSXW D UHDO QXPEHU IRU D QRPLQDO FRPSRQHQW
YDOXH WKH UHTXLUHG QXPEHU RI YDOXHV LQ WKH VHPLFRORQ
VHSDUDWHG OLVW DQG ILQDOO\ WKH FRPSRQHQW RU SDUDPHWHU
WROHUDQFH DV D SHUFHQWDJH RI WKH QRPLQDO UHDO QXPEHU 7KH
2FWDYHVFULSWFRQVWUXFWVD³3DUDPHWHUVZHHS´LFRQQHWOLVW ILOH
>@ IURP WKH XVHU VXSSOLHG GDWD 7KLV LQFOXGHV FRGH IRU
FRQVWUXFWLQJ WKH ³3DUDPHWHU VZHHS´ LFRQ VFKHPDWLF V\PERO
LWVVZHHSSDUDPHWHUVDQGWKHDWWDFKHGVHPLFRORQVHSDUDWHGOLVW
RI UHDO GDWD YDOXHV /LEUDU\ IXQFWLRQV DUH HPSOR\HG E\ WKH
2FWDYH VFULSW WR FDOFXODWH WKH GLVWULEXWLRQ RI WKH FRPSRQHQW
YDOXHV ,Q WKH H[DPSOH OLVWHG LQ )LJ WKH 2FWDYH IXQFWLRQ
³QRUPUQG´LVXVHGWRJHQHUDWHDXQLYDULDWHQRUPDOGLVWULEXWLRQ
IRUHDFKVHWRIFRPSRQHQWYDOXHV2YHUWZHQW\GLIIHUHQWW\SHV
RI UHDO QXPEHU GLVWULEXWLRQV DUH SRVVLEOH E\ FKDQJLQJ WKH
2FWDYH ³QRUPUQG´ IXQFWLRQ WR D GLIIHUHQW PDWKHPDWLFDO
GLVWULEXWLRQIXQFWLRQ7KHVHDUHSURYLGHGDVVWDQGDUGZLWKWKH
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FXUUHQW 2FWDYH UHOHDVH +RZHYHU IURP D FLUFXLW VLPXODWLRQ
SRLQWRIYLHZ WKH UDQG XQLIRUPO\GLVWULEXWHGYDOXHVDQG WKH
³QRUQUQG´IXQFWLRQVDUHDPRQJWKHPRVWLPSRUWDQWGXHWRWKHLU
FORVH DJUHHPHQW ZLWK SUDFWLFDO FRPSRQHQW DQG GHYLFH
SDUDPHWHU GLVWULEXWLRQV  )LJ  LOOXVWUDWHV D W\SLFDO VHW RI
VWDWLVWLFDO VLPXODWLRQ FRPSRQHQW YDOXHV JHQHUDWHG E\ WKH
2FWDYH VFULSW XVLQJ IXQFWLRQ ³QRUPUQG´ 2QH RI WKH
DGYDQWDJHV RI XVLQJ 2FWDYH QXPHULFDO DQDO\VLV VFULSWV IRU
JHQHUDWLQJ 4XFV6WXGLR4XFV VFKHPDWLF V\PEROV LV WKH
IOH[LELOLW\ LWJLYHVZKHQFDOFXODWLQJ WKHVWDWLVWLFDOGLVWULEXWLRQ
RIFRPSRQHQWYDOXHVRUGHYLFHSDUDPHWHUV$QLQWHUHVWLQJDQG
LPSRUWDQW H[DPSOH RI WKLV IOH[LELOLW\ LV WKH UHPRYDO RI
FRPSRQHQWV IURP D SURGXFWLRQ EDWFK ZKLFK DUH ZLWKLQ D
VSHFLILHG SHUFHQWDJH RI WKH EDWFK QRPLQDO YDOXH 6LPSO\ E\
DGGLQJDIHZOLQHVRIFRGHWRWKH2FWDYHVFULSWOLVWHGLQ)LJ
VHH)LJSURGXFHVD³3DUDPHWHUVZHHS´LFRQZLWKOLVWYDOXHV
RI QRPLQDO WROHUDQFH WRO LQ SHUFHQWDJH RI PHDQ YDOXH DQG
WROHUDQFH RI WKH VHOHFWHG YDOXHV VWRO LQ SHUFHQWDJH RI PHDQ
YDOXH ZKHUH VWRO  WRO )LJ  VKRZV D W\SLFDO H[DPSOH
GLVWULEXWLRQIRUDEDWFKRIQRQLQWHJUDWHGFLUFXLWUHVLVWRUV
$OWKRXJKWKH2FWDYHVFULSWVVKRZQLQ)LJDQG)LJDUH
DSSOLFDEOH WR WKH 4XFV6WXGLR FLUFXLW VLPXODWRU RQO\ VPDOO



)LJ2FWDYHPVFULSWIRUJHQHUDWLQJD4XFV6WXGLR³3DUDPHWHUVZHHS´LFRQ
VFKHPDWLFZLWKDVHPLFRORQVHSDUDWHGGDWDOLVWDWWDFKHG7KHOLVWFRQVLVWVRID
QRUPDOO\GLVWULEXWHGVHWRIYDOXHVVSHFLILHGE\DPHDQDQGVWDQGDUGGHYLDWLRQ
FKDQJHV DUH QRUPDOO\ UHTXLUHG WR WKHVH VFULSWV WR WDNH LQWR
DFFRXQW GLIIHUHQFHV LQ VLPXODWRU QHWOLVW VSHFLILFDWLRQV 7KLV
FDQEHGRQHE\FKDQJLQJRQHRUPRUHRIWKHISXWVVWDWHPHQWV
OLVWHG LQ )LJ  DQG )LJ  7KLV LV SDUWLFXODUO\ WUXH ZLWK WKH
4XFVVLPXODWRUZKHUHRQO\VPDOOFKDQJHVDUHQHFHVVDU\IRUWKH
JHQHUDWLRQRIWKHPRGLILHG³3DUDPHWHUVZHHS´LFRQFRGH



)LJ  'LVWULEXWLRQ RI UHVLVWDQFH FRPSRQHQW YDOXHV JHQHUDWHG XVLQJ WKH
2FWDYHVFULSWOLVWHGLQ)LJ1RPLQDOYDOXHRI5 NQXPEHURIVDPSOHV
 DQGWROHUDQFH 



)LJ  4XFV6WXGLR QRUPDO GLVWULEXWLRQ OLVW JHQHUDWRU VKRZLQJ DGGLWLRQDO
2FWDYH FRGH IRU UHPRYLQJ FRPSRQHQW YDOXHV RU GHYLFH SDUDPHWHUV IURP
ZLWKLQWKHUDQJHQRPLQDOYDOXHVWROSHUFHQWRIPHDQ



)LJ$VDPSOHKLVWRJUDPVKRZLQJGLVWULEXWHGUHVLVWDQFHZLWK5YDOXHV
LQWKHUDQJHRIWKHQRPLQDOYDOXHRIUHPRYHG
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6WDWLVWLFDOVLPXODWLRQRIDFLUFXLWGHVLJQSURYLGHVDQLQVLJKW
LQWRWKHFDXVHVRIFLUFXLWIDLOXUHGXHWRJHRPHWULFDQGSK\VLFDO
GHYLFH SDUDPHWHU YDULDWLRQV )LJ  VKRZV D EDVLF Q026
FXUUHQWPLUURU,&FHOORSHUDWLQJIURPDVLQJOHSRVLWLYHYROWDJH
VXSSO\ZLWKHTXDOGUDLQUHVLVWDQFHV5DQG5:LWKSHUIHFWO\
PDWFKHG WUDQVLVWRUV DQG PDWFKHG GUDLQ UHVLVWRUV WKH RXWSXW
FXUUHQW,RXWWRLQSXWFXUUHQW,LQUDWLRLVJLYHQE\

  ூ௢௨௧ூ௜௡ ൌ
ௐଶ ௅ଶൗௐଵ ௅ଵൗ


ZKHUH: :Q':/ /Q'/:DQG/DUH WKHJDWH
ZLGWK DQG OHQJWK RI WKH RXWSXW WUDQVLVWRU UHVSHFWLYHO\ :Q
DQG /Q DUH WKH QRPLQDO YDOXHV RI WKH RXWSXW WUDQVLVWRU JDWH
ZLGWK DQG OHQJWK UHVSHFWLYHO\ ': LV D FKDQQHO ZLGWK
FRUUHFWLRQ IDFWRU DQG '/ D FKDQQHO OHQJWK FRUUHFWLRQ IDFWRU
:DQG/KDYHVLPLODUPHDQLQJEXW IRUWKHLQSXWWUDQVLVWRU
,Q D SUDFWLFDO FLUFXLW GHYLFH SDUDPHWHUV DUH IRXQG WR YDU\
EHWZHHQFLUFXLW IDEULFDWLRQEDWFKHVDQGDFURVVFLUFXLWVRQ WKH
VDPH LQWHJUDWHG FLUFXLW GLH 9DULDWLRQV LQ IDEULFDWLRQ SURFHVV
SDUDPHWHUV IRU H[DPSOH LPSXULW\ FRQFHQWUDWLRQ GHQVLWLHV
R[LGH WKLFNQHVV DQG GLIIXVLRQ GHSWKV LQWURGXFH YDULDWLRQV LQ
WKH WUDQVLVWRU SK\VLFDO SDUDPHWHUV VXFK DV WKH WKUHVKROG
YROWDJH 972 6LPLODUO\ YDULDWLRQV LQ WKH GLPHQVLRQV RI
LQGLYLGXDOGHYLFHVIRUH[DPSOHSKRWROLWKRJUDSK\GLPHQVLRQDO
GLIIHUHQFHV FDXVH :/ YDULDWLRQV LQ WKH 026 WUDQVLVWRUV
+HQFH YDULDWLRQV LQ WKH '& FXUUHQW PLUURU RXWSXW WR LQSXW
FXUUHQW UDWLR ZLOO WR D ILUVW DSSUR[LPDWLRQ GHSHQG RQ WKH
VWDWLVWLFDO YDULDWLRQ RI LQGLYLGXDO WUDQVLVWRU / DQG :
GLPHQVLRQV DQG YDULDWLRQV LQ WUDQVLVWRU SK\VLFDO SDUDPHWHUV
)LJ  VKRZV D W\SLFDO VHW RI VWDWLVWLFDO '& VLPXODWLRQ GDWD
REWDLQHG E\ YDU\LQJ RQH RI WKH / : / DQG :
SDUDPHWHUV YLD ': DQG '/ ZKLOH NHHSLQJ WKH UHPDLQLQJ
GLPHQVLRQDOSDUDPHWHUVDW WKHLUQRPLQDO YDOXHV6LPLODUO\ LQ
WKLVH[DPSOH WKHYDOXHVRI WKH WUDQVLVWRUSK\VLFDOSDUDPHWHUV



)LJ$QQ026FXUUHQWPLUURU WHVWFLUFXLWZLWKPDWFKHGGHYLFHJHRPHWULHV
/ /Q P / /Q P : :Q P : :Q P DQG
972 9 Q026 WUDQVLVWRUV DUH UHSUHVHQWHG E\ (3)/(.9  ORQJ
FKDQQHO 9HULORJ$ GHYLFH PRGHOV >@ DYDLODEOH LQ WKH 4XFV6WXGLR ³H[WUDV
OLEUDU\RUDVDQRQOLQHDUDFWLYHGHYLFHLQ4XFV´
ZHUHNHSWFRQVWDQWDW WKHLUQRPLQDOYDOXHVGXULQJVLPXODWLRQ
7KHVDPSOHGDWDVHWLVLQWKLVWHVWH[DPSOH




D/ P /Q'/: P/ PDQG: P



E: P :Q':/ P/ PDQG: P



F/ P /Q'// P: PDQG: P



G: P :Q':/ P/ PDQG: P

)LJ7\SLFDO VWDWLVWLFDO VLPXODWLRQUHVXOWV IRUDQQ026FXUUHQWPLUURU WHVW
FLUFXLWZLWK/:/DQG:DVVSHFLILHGLQDWRF$OORWKHUSDUDPHWHUV
DUHOLVWHGLQ)LJ
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6WDWLVWLFDO FLUFXLW VLPXODWLRQ LV LQ JHQHUDO FRPSXWDWLRQDOO\
H[SHQVLYH IRU H[DPSOH YDU\LQJ WKUHH FRPSRQHQW YDOXHV RU
GHYLFHSDUDPHWHUVRYHUDUDQJHVHWE\WHQYDOXHVUHTXLUHV
E\E\RU LQGLYLGXDO VLPXODWLRQV2EYLRXVO\ HDFK
WLPH D SDUDPHWHU LV DGGHG WR D VWDWLVWLFDO FLUFXLW DQDO\VLV WKH
QXPEHU RI VLPXODWLRQV LQFUHDVHV SURSRUWLRQDOO\ 6LPXODWLRQ
UXQWLPHVDOVRVWURQJO\GHSHQGRQWKHW\SHRIVLPXODWLRQEHLQJ
XQGHUWDNHQ WUDQVLHQW DQDO\VLV WDNLQJ WKH ORQJHVW WLPH
6LPXODWLRQ WLPHV DOVR LQFUHDVH ZKHQ WKH FLUFXLW XQGHU WHVW
LQFOXGHVQRQOLQHDUDFWLYHGHYLFHV$VLJQLILFDQWFRPSXWDWLRQDO
RYHUKHDGLQFLUFXLWVLPXODWLRQLVWKHWLPHWDNHQWRFDOFXODWHWKH
HTXDWLRQVZKLFKIRUPWKHEDVLFQRQOLQHDUPRGHORIDQDFWLYH
GHYLFH,QJHQHUDOWKHVHFDOFXODWLRQVFDQEHEURNHQGRZQLQWR
WZR GLVWLQFW JURXSV ILUVWO\ HTXDWLRQV ZKLFK DUH IXQFWLRQV RI
YDULDEOHV ZKLFK YDU\ ZLWK IRU H[DPSOH FLUFXLW YROWDJH
FXUUHQWRUWHPSHUDWXUHDQGVHFRQGO\WKRVHYDULDEOHVZKLFKDUH
FRQVWDQW WKURXJKRXWDVLPXODWLRQ7KHILUVWJURXSQHHGVWREH
UHFDOFXODWHGHDFKWLPHDPRGHOLVFDOOHGE\DFLUFXLWVLPXODWRU
,QFRQWUDVWWKHVHFRQGJURXSKDVRQO\WREHGHWHUPLQHGRQFHDW
WKHVWDUWRIDFLUFXLWVLPXODWLRQ6LPXODWLRQWLPHVDUHLQFUHDVHG
IXUWKHUZKHQ WKHFLUFXLWXQGHU WHVWFRQWDLQVDKLJKQXPEHURI
LGHQWLFDO WUDQVLVWRUV ,Q VXFK D FDVH WKH YDULDEOHV ZKLFK DUH
FRQVWDQW WKURXJKRXW D VLPXODWLRQ JHW FDOFXODWHG WKH VDPH
QXPEHURIWLPHVDVWKHUHDUHLGHQWLFDOGHYLFHVLQVWHDGRIRQO\
RQFH 2QH ZD\ WR UHGXFH WKLV RYHUKHDG LV WR FDOFXODWH WKH
WUDQVLVWRU YDULDEOHV ZKLFK DUH FRQVWDQW GXULQJ D FLUFXLW
VLPXODWLRQ DW D KLJKHU DEVWUDFWLRQ OHYHO WKDQ WKH QRQOLQHDU
GHYLFH PRGHOV DQG WR SDVV WKH YDOXHV RI WKH FDOFXODWHG
YDULDEOHVWRHDFKWUDQVLVWRUPRGHOUDWKHUWKDQWKHEDVLFGHYLFH
SDUDPHWHUV $ VLPSOH ZD\ RI DFKLHYLQJ WKLV LV WR DGG DQ
DGGLWLRQDO OHYHO RI DEVWUDFWLRQ WR D VXEFLUFXLW DQG WRSDVV WKH
YDOXHV RI WKH FDOFXODWHG YDULDEOHV IURP WKH LQQHU OHYHO WR D
GHYLFH PRGHO  )LJ  VKRZV D PRGLILHG FXUUHQW PLUURU WHVW
FLUFXLWZKHUHWKHFXUUHQWPLUURULVUHSUHVHQWHGE\DVXEFLUFXLW
ZLWK WKUHH OHYHOV RI DEVWUDFWLRQ 7KH ILUVW LQQHU OHYHO RI
DEVWUDFWLRQ LV VKRZQ LQ)LJ  +HUHYDULDEOHV3 WR3DUH
SDVVHGDVSDUDPHWHUV WR WKHERWWRP OHYHORIDEVWUDFWLRQ7KLV
FRQWDLQV PRGLILHG 9HUORJ$ (3)/(.9 Y Q026 GHYLFH
FRGH:LWKWKLVVWUXFWXUHWKHYDULDEOHVLQHTXDWLRQEORFNHTQ



)LJ$4XFV6WXGLRWHVWEHQFKIRUVLPXODWLQJWKHSHUIRUPDQFHFKDUDFWHULVWLFV
RIDWKUHHOHYHO026'&FXUUHQWPLUURUVXEFLUFXLWPRGHOZLWK/:/DQG
:VHWDWQRPLQDOYDOXHVDQG972LQWKHUDQJH9P9


)LJ  7KH LQWHUQDO VWUXFWXUH RI D WKUHH OHYHO 026 '& FXUUHQW PLUURU
VXEFLUFXLW FRQVWUXFWHG XVLQJ WZR VSHHG RSWLPL]HG (3)/(.9 Y Q026
ORQJFKDQQHOFRPSDFWGHYLFHPRGHOV





)LJ9HULORJ$FRGHIRUD(3)/(.9Y026'&ORQJFKDQQHOPRGHO
PRGLILHGWRDOORZHTXDWLRQGHULYHGGHYLFHSDUDPHWHUV3WR3
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

)LJ+LVWRJUDPRIFXUUHQWPLUURURXWSXWFXUUHQWIRUD972VDPSOHV
QRUPDOO\GLVWULEXWHGLQWKHUDQJH9P9

)LJDUHFDOFXODWHGRQO\RQFHUDWKHUWKDQWZLFH2EYLRXVO\
IRU FXUUHQW PLUURUV RU RWKHU FLUFXLWV ZKLFK DUH FRQVWUXFWHG
IURPODUJHUQXPEHUVRIWUDQVLVWRUVWKHQXPEHURIFDOFXODWLRQV
ZRXOGEHUHGXFHGSURSRUWLRQDOO\)LJRXWOLQHVWKH9HULORJ
$ FRGH IRU WKH PRGLILHG (3)/(.9 Y Q026 PRGHO $
KLVWRJUDP RI WKH VWDWLVWLFDO GLVWULEXWLRQ RI FXUUHQW PLUURU
RXWSXW FXUUHQW ,RXW, GXH WR YDULDWLRQV LQ 972 LV DOVR
LOOXVWUDWHGLQ)LJ
9,, &21&/86,216
6WDWLVWLFDOVLPXODWLRQRIDFLUFXLWGHVLJQSURYLGHVDQLQVLJKW
LQWRWKHFDXVHVRIFLUFXLWIDLOXUHGXHWRJHRPHWULFDQGSK\VLFDO
GHYLFH SDUDPHWHU YDULDWLRQV 7KLV SDSHU LQWURGXFHV D IOH[LEOH
VZHSW GDWD WHFKQLTXH WKDW VXSSRUWV LQYHVWLJDWLRQ RI WKH
VWDWLVWLFDO SURSHUWLHV RI GHYLFH PRGHOV FLUFXLW PDFURPRGHOV
DQG LQWHJUDWHG FLUFXLW GHVLJQV 7KH UHSRUWHG WHFKQLTXH KDV
EHHQ LPSOHPHQWHGZLWK WKH 4XFV DQG4XFV6WXGLR VLPXODWRUV
DQG GRHV QRW UHTXLUH DQ H[WHQVLYH NQRZOHGJH RI WKH LQWHUQDO
VWUXFWXUHDQGZRUNLQJVRI&VLPXODWRU VRIWZDUHPDNLQJ LW
VXLWDEOH IRU XVH E\ DOO WKH 4XFV4XFV6WXGLR  VLPXODWRU XVHU
FRPPXQLW\ 0RUHRYHU LW LV DOVR VXLWDEOH IRU XVH ZLWK DQ\
FLUFXLW VLPXODWRUZKLFK LPSOHPHQWV VZHSW GDWD SURFHVVHV7R
GHPRQVWUDWHWKHIXQGDPHQWDOVDQGDSSOLFDWLRQRIWKHSURSRVHG
VZHSWSDUDPHWHUVWDWLVWLFDOVLPXODWLRQWHFKQLTXHWKHVLPXODWLRQ
RI D Q026 FXUUHQW PLUURU LV LQWURGXFHG LQ WKH WH[W 7KLV
H[DPSOHDOVRLQWURGXFHVWKHFRQFHSWRIDWKUHHOHYHOVXEFLUFXLW
9HULORJ$FRPSDFWGHYLFHPRGHOZLWKHTXDWLRQYDULDEOHGDWD
SDVVLQJDQGLPSURYHGVLPXODWLRQUXQWLPHV
$&.12:/('*(0(17
7KHPDWHULDO UHSRUWHG LQ WKLV SDSHU IRUPVSDUWRI WKHZRUN
GRQH LQ UHVSRQVH WR WKH 026 0RGHOOLQJ DQG 3DUDPHWHU
([WUDFWLRQ :RUNLQJ *URXS 026$. 9HULORJ$ FRPSDFW
PRGHOOLQJVWDQGDUGL]DWLRQLQLWLDWLYH>@






5()(5(1&(6
>@ *-&RUDP³+RZWRDQGKRZQRWWRZULWHDFRPSDFWPRGHOLQ9HULORJ
$´,(((,QWHUQDWLRQDO%HKDYLRXUDO0RGHOLQJDQG6LPXODWLRQ&RQIHUHQFH
%0$66DQ-RVČ&$86$
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4XLWH XQLYHUVDO FLUFXLW VLPXODWRU 9HUVLRQ 
KWWSTXFVVRXUFHIRUJHQHWLQGH[KWPO>DFFHVVHG-DQXDU\@
>@ 00DUJUDI4XFV6WXGLR9HUVLRQKWWSZZZP\GDUFGH''80
4XFV6WXGLRTXFVVWXGLRKWPO>DFFHVVHG-DQXDU\@
>@3 1HQ]L QJVSLFH UHOHDVH  KWWSQJVSLFHVRXUFHIRUJHQHWLQGH[KWPO
>DFFHVVHG-DQXDU\@
>@ $ 'DYLV *QXFDS 9HUVLRQ  KWWSZZZJQXRUJVRIWZDUHJQXFDS
>DFFHVVHG-DQXDU\@
>@ $51HZWRQ'23HGHUVRQ$6DQJLRYDQQL9LQFHQWHOOL³$63,&(J
8VHU¶V *XLGH´ 'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ DQG &RPSXWHU
6FLHQFH8QLYHUVLW\RI&DOLIRUQLD%HUNHOH\&$
>@ %-RKQVRQ74XDUOHV$51HZWRQ'23HGHUVRQ$6DQJLRYDQQL
9LQFHQWHOOL´$ 63,&( 9HUVLRQ I 8VHU¶V 0DQXDO´ 'HSDUWPHQW RI
(OHFWULFDO (QJLQHHULQJ DQG&RPSXWHU 6FLHQFH 8QLYHUVLW\ RI &DOLIRUQLD
%HUNHOH\&$
>@ $FFHOOHUD ³9HULORJ$06 /DQJXDJH 5HIHUHQFH 0DQXDO 9HUVLRQ ´
KWWSZZZDFFHOOHUDRUJ>DFFHVVHG-DQXDU\@
>@ //HPDLWUH*-&RUXP&0F$QGUHZDQG..XQGHUW³([WHQVLRQVWR
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